To more accurately answer the questions "who will feed China?" and "whether Chinese people can feed themselves?", we proposed a concept of agricultural support capacity, defined as the population that can be fed by energy, protein and fat from food, respectively, according to nutritional intake standards. In this study, we established models to measure this, based on analysis of China's agricultural support capacity and how this changes under self-sufficiency and open conditions, in addition to the degrees of external dependence. Our results show that, since 2007, even without foreign resources, the energy, protein, superior protein and fat obtained from domestic agriculture had been able to feed the Chinese. However, the use of foreign resources increased and strengthened China's agricultural support capacity, in addition to improving food diversity, optimizing nutrition, assisting in the regulation of food surplus and deficiency, and providing feed for the animal breeding industry. For the past decade, China's degree of external dependence on energy from cereals has been relatively low, however, the degrees external dependence on superior protein and fat has increased steadily at a certain rate and have been over the national food security warning level. Therefore, China still has great demand for agricultural products from other regions of the world.
Food and Nutrition Sciences mainly focused on China's food security. Since then, the government of China has released white paper titled on "food issue in China" [2] and "national food security and long-term planning framework (2008-2020)" [3] . Although the spatial and temporal scales are different, academic research in this field has mainly focused on potential crop productivity and the impact of loss of arable land on China's food security, from the perspective of agriculture production [4] [5] [6] [7], or on China's food demand from the perspective of consumption, trade and nutrition [8] [9] [10] [11] [12] [13] [14] [15] . Chen and Zhou [16] established a safe baseline of cultivated land based on the comprehensive production capacity of agricultural resources.
Rask and Rask [17] [18] analyzed changes in food production and consumption along with economic development, using resource-based cereal-equivalent measures. Moreover, many studies have discussed the self-sufficiency rate of a single agricultural product, such as wheat, rich, oilseed crops, etc. [19] [20] [21] , but have not considered a substitution effect among different kinds of agricultural products. Few studies have reported on China's degree of external dependence on agricultural support capacity, which have been comprehensively measured as the population that can be fed by energy and nutrients from various agricultural products.
People obtain energy, protein, fat and other nutrients from food, which most agricultural products can provide. Therefore, we believe that the discussion of food safety should not be limited to the supply of cereals, but also should cover the supply of a variety of agricultural products. In addition, to accurately judge whether the supply of agricultural products is sufficient, it is important to combine the food supply with the consumption of food by the population. Therefore, agricultural production should be measured by the population whose energy and nutrients requirements can be met from both vegetable and animal products, produced within a certain period. Furthermore, in the era of economic globalization, it is no longer realistic to reject the international trade of agricultural products and feed a population depended only on domestic agricultural production. Therefore, to determine the degree of China's dependence on foreign agricultural resources, China's agricultural support capacity should be combined with worldwide resources. In addition, to more accurately understand China's national conditions and to better answer the question put forward by Brown in 1994 , it is necessary to use the population that can be fed by China's domestic agricultural resources as a reference.
In this article, we discuss China's agricultural support capacity combined with the aforementioned points. Our research objectives were to: 1) propose a concept of agricultural support capacity, and establish a set of models to measure this; 2) analyze China's agricultural support capacity and how this changes under self-sufficiency and open conditions; and 3) measure the degrees of external dependence of China's agricultural support capacity. We hope to accurately answer "who will feed China?" and to evaluate "whether or not the Chinese people can feed themselves?"
Research Ideas and Methodology
Energy, protein and fat in food are essential nutrition elements for human physiology, and can satisfy the bodies energy demands, assist in maintaining normal growth and development, and are important for the repair of damaged tissue.
Thus, nutrients from food are essential for healthy and survival, of which agricultural products are major food sources. Each type of agricultural product contains the energy, protein and fat required by the human body, however, the quantity and quality differs between products.
Whether the food supply is sufficiently depends not only on agricultural production, but also on population consumed food. Therefore, we propose that food supply should be combined with population consumed food, using the agricultural support capacity to measure the capacity of agriculture to meet the nation's demand, which is more compatible with agricultural requirements, particularly as the basic function of agriculture is to feed people.
Supply of Agricultural Products and Food in a Country
Under self-sufficiency conditions, assuming neither import nor export, i.e. not using foreign resources nor exporting own resources, whereby the production of agricultural products is entirely dependent on a country's own resources, the supply of agricultural products (M Domestic ) in a country depends only on its domestic agricultural yield (M Production ) and stock changes (M Stock ), namely:
Under open conditions, considering both import and export, i.e. using foreign resources and exporting own resources; the amount of agricultural product supply (M Supply ) in a country depends not only on M Domestic , but also on the amount of import (M Import ) and export (M Export ) of agricultural products, namely:
The amount of agricultural products that are directly used as food is not simply equal to the supply of agricultural products (M Domestic or M Supply ) in a country. Agricultural products can not only be directly used as food, but also indirectly used for further agricultural production, such as providing feed for the animal breeding industry (M Feed ), seeds for reproduction (M Seed ) and raw materials for food and industrial processing (M Processing ). It is important to note that a proportion of processed food will return to the food chain of humans in the form of food, and therefore, this can also be included in the food supply. In addition, waste and loss (M Waste ) of agricultural products occurs during storage, transportation and processing, as well as products for other uses (M Other ). Therefore, the amount of agricultural products finally used as food (M Food ) should exclude sources of indirect use (e.g. feed and seed), sources used in the processing of raw materials and any waste and loss, and should consider other uses from the supply of agricultural products (M Domestic or M Supply ). Therefore, the amount of food is:
The amount of energy and nutrients from various foods are complementary, and can be substituted mutually, therefore, the total energy and total nutrients from food is the sum of the energy and nutrients derived from each specific food and processed goods.
In order to understand whether agriculture production in a particular country can support the energy and nutritional requirements of its population, the amount of energy and nutrients from food that could be consumed by population can be estimated: 
Agricultural Support Capacity Measured by the Amount of Energy from Food
The energy support capacity P e (t) is measured by the population that can be fed by the energy derived from food. And P e (t) is defined as the population that can be fed by total energy from food in year t, according to nutritional intake standards, and is calculated by Equation (7):
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where S e is the annual energy intake per capita, according to nutritional intake standards. According to China's food and nutrition development outline for 2014 -2020 [23] , the daily energy intake per capita is estimated to be 2200 -2300 and energy from fat is no greater than 30% in the daily energy intake. According to this standard, the support capacity of energy from cereals should be discussed separately, namely:
where P ec (t) is the population that can be fed by energy derived from cereals in year t; A ec (t) is the amount of energy from cereals; and S ec is the annual per capita intake of energy from cereals, according to nutritional intake standards.
P(t) is the actual population in year t, and when P(t) is compared with P e (t) and P ec (t), the following relationships can be observed: P(t) > P e (t) and P(t) > P ec (t) indicates that both the total energy from food and the energy from cereals are insufficient, and consequently, the living standards of all or part of population are reduced.
P(t) < P e (t) but P(t) > P ec (t) indicates that the total energy from food is sufficient, but energy from cereals is insufficient.
P(t) > P e (t) but P(t) < P ec (t) indicates that the total energy from food is insufficient, but energy from cereals is sufficient.
P(t) < P e (t) and P(t) < P ec (t) indicates that both total energy from food and energy from cereals are sufficient, and consequently, living standards are improved.
Agricultural Support Capacity Measured by the Amount of Protein and Fat from Food
Dietary nutrients can be divided into two levels, the nutrient intake level and the quality of nutrients. The former is measured by the amount of energy, protein and fat from food intake and the latter is measured by the structure of nutrient supply. For instance, compared with protein derived from other vegetable foods, protein from animal sources and soybeans, among others, are more suitable for human consumption as they are rich in essential amino acids. Conversely, compared with saturated fatty acids from animal food sources, associated with increased blood cholesterol levels and adverse health effects, unsaturated fatty acids from vegetable foods are more beneficial for human health. Therefore, the agricultural support capacity should still be measured by the protein and fat obtained from food, including the protein support capacity P p (t) and fat support capacity P f (t). P p (t) and P f (t) are defined as the population that can be fed by the total protein and total fat, respectively, from the food produced in year t, according to nutritional intake standards, and is calculated according to Equations (9) and (10):
where S p and S f are annual per capita protein and fat intake, respectively, according to nutritional intake standards. The nutrient intake recommendations proposed by GOSCPRC [23] are intended to ensure sufficient energy and protein intake, to control fat intake, and to maintain intake of the required amounts of vitamins and minerals. The specific goal for per capita daily protein intake is 78 g, i.e. S p = 2.85 × 10 4 g/capita/year, in which superior protein sources will account for greater than 45% of protein intake by 2020. Moreover, if the proportion of energy from fat is not more than 30% of the daily per capita energy intake of 2200 -2300 kcal, considering that fat produces 9 kcal energy per gram, daily per capita fat intake should not exceed 73 -77 g, i.e. S f = 2.68 × 10 4 -2.80 × 10 4 g/capital/year.
As the quality of protein from vegetable foods and animal foods differ, the nutrient goals established by GOSCPRC [23] also provides specific requirements for protein and superior protein, as it is necessary to collocate protein from food in order to ensure a sufficient protein intake. Therefore, based on the protein support capacity, the superior protein support capacity P ps (t) should also be investigated, measured by the amount of superior protein in year t, calculated by Equation (11):
where A ps (t) is the amount of superior protein, including protein from animal foods, and some vegetable foods such as soybean, sesame and sunflower seeds;
and S ps is the annual superior protein intake per capita, according to nutritional intake standards.
Agricultural Support Capacity to Meet Nutritional Requirements
To meet all nutritional requirements in year t, the energy support capacity P ea (t) can be determined by the minimum P e (t) and P ec (t), where P ea (t) = min[P e (t), P ec (t)], and the protein support capacity P pa (t) is determined by the minimum P p (t) and P ps (t), where P pa (t) = min[P p (t), P ps (t)]. Therefore, in order to meet all requirements, the agricultural support capacity P a (t) is determined by the minimum values for P ea (t), P pa (t) and P f (t), where P a (t) = min[P ea (t), P pa (t), P f (t)].
When the actual population P(t) is compared with P ea (t), P pa (t) and P f (t) in year t, the following relationships can be observed: P(t) > P ea (t), P(t) > P pa (t) and P(t) > P f (t) indicates that none of the energy, protein and fat from the food produced is sufficient to meet the demand of nation according to nutritional intake standards. Consequently, the living standards of all or part of the population is reduced, where at least ΔP e (t) = P(t) − P ea (t), ΔP p (t) = P(t) − P pa (t) and ΔP f (t) = P(t) − P f (t) of the population will be deficient in energy, protein and fat, respectively. P(t) < P ea (t), P(t) > P pa (t) and P(t) > P f (t) indicates that the energy from the food produced is sufficient for survival of the population, but that protein and P(t) < P ea (t), P(t) < P f (t) and P(t) > P pa (t) indicates that the energy and fat from the food produced is sufficient to meet the demand of the nation, but the ΔP p (t) population will be deficient protein.
P(t) < P ea (t), P(t) < P pa (t) and P(t) < P f (t) indicates that the energy, protein and fat from the food produced exceeds the demand of nation, according to nutritional intake standards, with a surplus of food available, thereby improving living standards.
Degree of External Dependence on Agricultural Support Capacity
In this study, the self-support rate of agricultural support capacity β(t) is defined as the ratio of the population P d (t) that can be fed by China's domestic agricultural resources, i.e. the agricultural support capacity under self-sufficiency conditions, to the population P o (t) that can be fed by worldwide agricultural resources, i.e. the agricultural support capacity under open conditions, in a particular country in year t, and therefore, ( ) ( ) ( )
the agricultural products produced from a country's own resources is sufficient to meet the demand of the nation, and any surplus agricultural products can be exported to deal with oversupply. If β(t) < 100%, the agricultural products produced from a country's own resources cannot meet the demand of the nation, and consequently, agricultural products need to be imported from other countries to ameliorate the insufficient agricultural support capacity. 
where P ine (t), P inp (t), P insp (t) and P inf (t) are the population that can be fed by 
Results
The data regarding population of China and the annual amount of agricultural products, import and export, stock change, food, feed, seed, waste etc. was extracted from the FAO Statistics Database [24] . The content of specific nutritional components for major food types were also extracted from FAO document on Food balance sheets: A handbook [22] . The standards of nutritional intake were collected from the China Food and Nutrition Development Outline (2014 -2020) [23] .
Amount of Nutrients from Food and China's Agricultural Support Capacity under Self-Sufficient Conditions
The amount of energy, protein and fat from food domestically produced in China, under self-sufficiency conditions, over several representative years were calculated according to Equations (1)- (6), and the results are presented in Table 1 .
In the diet, animal-derived foods such as meats, eggs, milk and aquatic products are excellent sources of nutrients and energy, and these can be substituted for each other without primary and secondary distinctions. However, vegetable-derived foods such as cereals, starchy roots, vegetable oils, sugar, vegetables and fruits have different functions. Among vegetable foods, cereals are a major and necessary source of energy for the population, which cannot be completely replaced by vegetables, fruits, vegetable oils or sugar. Therefore, higher energy requirement comes from cereals. Based on a daily per capita energy intake of 2300 kcal, in which the energy from cereals is no less than 50%, energy from fat is no greater than 30% and protein intake is 78 g, of which superior protein constitutes above 45% [23] . The population fed by the energy, protein, superior protein and fat from food and energy from cereals, domestically produced in China over several representative years, were calculated by Equations (7)- (11), and the results are shown in Figure 1 (a). 
Amount of Nutrients Derived from Imported Foods and Exported Agricultural Products and Their Support Capacity
The amount of energy, protein, superior protein and fat from imported foods and exported agricultural products in China over several representative years, were calculated by Equations (1)- (6), and the results are presented in Table 2 .
The population fed by the energy, protein, superior protein and fat from imported foods and exported agricultural products were calculated by Equations (7)- (11), and the results are shown in Figure 2 . 
Amount of Nutrients from Food and China's Agricultural Support Capacity under Open Conditions
The amount of energy, protein, superior protein and fat from foods under open conditions over several representative years were calculated by Equations (1)- (6), and the results are presented in Table 3 . The population that can be fed with this amount of energy, protein, superior protein and fat was calculated by
Equations (7)- (11), and the results are shown in Figure 1(b) .
Degree of External Dependence of China's Agricultural Support Capacity
The degree of external dependence of the energy, protein and fat support capacity between 1961 and 2013 were calculated by Equation (12), and the results are shown in Figure 3 .
Discussion

Changes in the Agricultural Support Capacity of China under Self-Sufficient Conditions
In 1961, due to overstress crop-plantation at the expense of the animal breeding industry, there was insufficient energy available from food and cereals domestically produced in China, resulting in 2.70 × 10 8 and 2.21 × 10 8 people that were unable to obtain sufficient energy from food and cereals, respectively, as shown in Figure 3 . Degree of external dependence of China's agricultural support capacity. Figure 1 (a). The lack of energy from cereals observed in 1961 continued until the 1970s. In 1978, the introduction of agricultural reform and implementation of opening to the outside world and the household contract responsibility system for farmland improved the production enthusiasm and independence of farmers. Since then, China's agricultural output has greatly improved, and the total energy provided by domestically produced foods and cereals has continually increased. After 1990, the total energy from foods and cereals has been sufficient to meet the nation's demand. However, between 1961 and 1997, under self-sufficient conditions, the amount of protein from food, particularly the superior protein, was unable to meet the nutritional requirements of the actual population. In 1961, the population that lacked protein and superior protein was 3.38 × 10 8 and 3.91 × 10 8 people, respectively, and in 1977, the population lacked superior protein increased to 6.13 × 10 8 people, accounting for 64.93% of the total population. Between 1977 and 1997, the amount of protein and superior protein provided by domestic production has increased greatly, and the gap between the demand for protein and its supply from domestic production had decreased, however, demand for nutrients could not be met completely during this time due to population growth and an improvement in living standards. Therefore, in 1997, 0.10 × 10 8 and 1.91 × 10 8 people still lacked sufficient dietary protein and superior protein, respectively. Between 1998 and 2013, the area of pulse sown decreased at an average annual rate of 1.56%, and consequently, pulse output decreased at an average annual rate of 1.57% from 1.52 × 10 10 kg in 1998 to only 1.20 × 10 10 kg in 2013 [25] . This led to an insufficient supply of superior protein from vegetable foods. In contrast, animal foods outputs, including meats, eggs and milk grew rapidly over the same period, with average annual rates of 3.73%, 3.47% and 10.31%, respectively. Since 2007, superior protein provided by domestic production has not only been able to feed the population, but has also been produced in surplus, as superior protein produced domestically could feed 1. In summary, energy from cereals, total energy, and the amount of protein, superior protein and fat provided by domestic production in China has been able to feed the population since 1970, 1990, 1998, 2007 and 2007 
Changes in Agricultural Support Capacity of China under Open Conditions
As shown in Figure 1 total energy, protein, superior protein and fat, respectively. At that time, due to the lack of energy and nutrients, malnutrition was the major the national health problem.
With development and adjustment of the agricultural structure, energy from vegetable and animal products has increased rapidly. Since 1970, demand for energy from cereals has been met, and total energy from food has been met since 1982, both produced in surplus. Furthermore, after 1982 the number of people that could be fed by the total energy from food has exceeded the actual population. However, after many years of food restriction, the Chinese diet had changed to consist of more cereals and fewer animal products and beans.
After opening to the outside world, the gaps between the demand for and supply of protein, superior protein and fat have reduced, and the undernourished proportion of the population decreased. Between 1961 to 1990, the protein and superior protein from food could not meet demand, and the proportion of the population that did not consume adequate levels of protein in 1961, 1970, 1980 and 1990 
Changes in the Degree of External Dependence of China's Agricultural Support Capacity
As shown in Figure 3 
Conclusions
 China has been achieved self-sufficiency for cereals since 1970. The degree of external dependence of the support capacity of energy from cereals was relatively low between 1961 and 2013, with an average annual of 2.91%, which indicates a stronger self-support capacity of energy from cereals in China.
China imports various cereals every year to improve food diversity and to provide feed for the animal breeding industry.  Since 2007, the energy, protein, superior protein and fat provided by domestically produced food has been sufficient to feed the Chinese population, and there has even been surplus. In 2010, China had an actual population of 13.60 × 10 8 , and even without foreign resources, the energy provided by China's agricultural products could feed 17.18 × 10 8 people.
 Before 2007, the demand for the protein, superior protein and fat, based only on domestically produced food, was not completely met. As a result, the Chinese had to survive on the lower nutritional levels, or to rely on the net import of agricultural products to meet these nutritional requirements. China's agricultural product trade has been characterized by a higher import to export ratio, particularly over the past ten years, and the degree of external dependence of the superior protein and fat support capacity were too high and greater than the national food security warning level, which reached 11.13% and 11.46%, respectively, in 2013. This indicates that China's agricultural support capacity, as measured by the superior protein and fat, is strongly dependent on worldwide resources, and that the structure of China's agricultural products is not reasonable.  Compared open conditions in 2010 with self-sufficient conditions, the actual support capacities of the energy from cereals, total energy, protein, superior protein and fat from food in China increased by 0.68%, 4.17%, 3.39%, 7.73% and 11.51%, respectively. Opening to the outside world has strengthened China's agricultural support capacity and helped meet the needs for domestic food diversity, in addition to regulating food surpluses and deficiencies.
